A Chinese advantage over Americans was found for economically relevant computational and reasoning abilities in arithmetic for groups of 6th-and 12th-grade students matched or equated on general intelligence. No cross-national difference for computational or reasoning abilities was found for samples of older (60-to 80-year-old) Chinese and American adults equated on general intelligence. The pattern of change in arithmetical competencies across cohorts suggests that the Chinese advantage in 6th and 12th grade is due to a cross-generational decline in competencies in the United States and a cross-generational improvement in China.
Asian peers tend to focus on (1) an East Asian advantage in general intelligence (IQ; Lynn, 1982; Rushton, 1995) or (2) differences in the mathematics education of US. and East Asian children (Stevenson & Stigler, 1992) . The present study was designed to directly test the first explanation and indirectly assess the second. At the same time, the arithmetic tests used in this study were chosen because performance on similar tests has been shown to be related to employability, wages, and productivity in many blue collar and white collar occupations (Boissiere, Knight, & Sabot, 1985; Rivera-Batiz, 1992) . Any cross-national differences on these measures thus bode potentially important economic consequences for the United States.
In a related study, Stevenson and his colleagues indirectly tested the hypothesis that the cross-national achievement gap in mathematics is related to differences in the IQ of East Asian and American children (Stevenson et al., 1985) . Here, groups of Chinese, Japanese, and AngloAmerican children were administered a battery of psychometric tests along with achievement tests in reading and mathematics. There were no systematic differences in the overall psychometric test performance of these groups, but the Chinese and Japanese students outperformed their American peers on the mathematics achievement test, suggesting that the achievement gap in mathematics is not related to an East Asian advantage in IQ.
A more recent study supported the same conclusion (Geary, Salthouse, Chen, & Fan, 1996) . Here, groups of comparably educated Chinese and American college students and older (57-to 85-year-old) adults were administered a battery of psychometric tests, including measures of computational arithmetic (e.g., 45 + 83 + 19), perceptual speed (e.g., speed of reading numbers), and spatial abilities. There were no substantive national differences for performance on the perceptual speed or spatial measures for either age group, suggesting that there were no IQ differences across these Chinese and American adults. For the arithmetic tests, the older Americans outscored their Chinese peers in complex addition, but there were no significant differences for three other arithmetic measures. The Chinese college students, in contrast, outperformed--by between 1.1 and 2.2 SD--the American college students on all four arithmetic tests. Again, the pattern suggests that the poor arithmetical performance of Americans relative to their East Asian cohorts is not due to IQ differences and suggests that the current achievement gap is a relatively recent phenomenon, at least for arithmetic.
The present study provides a more direct assessment of the relation between IQ and the East Asian/American achievement gap in arithmetic than is possible with the psychometric test approach used in these earlier studies. Specifically, groups of 6th graders, 12th graders, and older adults from the United States and China were administered a standardized IQ test and sets of arithmetic computational and reasoning ability tests. We assessed these age groups on the basis of evidence that basic arithmetical abilities have shown a cross-generational decline in the United States (Geary et al., 1996; Schaie, 1996) . For computational arithmetic, individuals who started elementary school in the 1920s and 1930s outperform--once agerelated changes in processing speed are taken into accountindividuals who began their primary education just after World War II (i.e., 1945) , who, in turn, outperform individuals who began elementary school in the mid-1960s or later (Schaie, 1996) .
If the current achievement gap in arithmetic stems from a cross-generational change in educational outcomes, rather than differences in IQ, then a pattern of East Asian children and adolescents outperforming their IQ-matched American peers should be found, in combination with no cross-national differences for older adults (Geary et al.,1996) . Moreover, once IQ, years of schooling, and so on, are controlled, a crossgenerational decline in arithmetical competencies should be evident across the US. samples; no such decline, or even improving competencies, should be found across the Chinese samples.
METHOD Participants
The participants were 372 6th graders, 12th graders, or older adults from Shanghai, China; Columbia, Missouri; or Atlanta, Georgia.¹ As shown in Table 1 , the IQ scores of the Chinese and American participants differed significantly for the samples of 6th graders and older adults, the former favoring China and the latter favoring the United States (ps < .05). Thus IQ was used as a covariate in the analyses of arithmetic test performance for the 6th-grade and older adult samples. For the older sample, years of education also favored the Americans (p < .001) and was therefore included as an additional covariate. There was no significant difference between the IQ scores of the Chinese and American 12th graders (p > .10), and thus IQ was not used as a covariate for this sample.
To control for national differences in the number of adolescents attending high school---only about 28% of adolescents attend academic high schools in Shanghai---the American 12th-grade sample was selected to represent the top 25%-30% of the 17-year-old cohort. After taking the dropout rate and enrollment patterns for advanced mathematics courses into consideration, this end was achieved by restricting the American sample to students enrolled in calculus, precalculus, or college algebra courses. All members of this clearly elite group of US. students were in their 4th year of high school mathematics, as were all of the Chinese 12 th graders.
In both China and the United States, participants were selected from two high schools. School officials in Shanghai described the high schools as "good but not excellent" (these were not key schools). During the year the study was conducted, one of the US. high schools was 1 of 149 recipients of a National Excellence in Education Blue Ribbon Award, and the only high school in the United States to be concurrently awarded technology and parent involvement awards. The other US. high school was a previous recipient of a National Excellence in Education Blue Ribbon Award. If anything, the US. high schools were relatively more elite than their counterparts in China.
In both countries, the 6th graders were selected from two middle schools that send students (via junior high school) to the schools from which the 12th graders were selected. In order to select students who were comparable to the students in the high school samples, teachers in both countries were asked to select the top one third of their math students for potential inclusion in the study.² The sample of older adults was restricted to 60-to 80-year-olds and to individuals with between 9 and 16 years of education, inclusive. The latter restriction was imposed to control for variability in educational levels within and across samples. The age range was based on Schaie's (1996) findings of cohort differences in computational arithmetic and included cohorts for which arithmetical abilities are near the US. peak.
Ability Measures
For the computational and IQ tests, the stimuli were identical in the US. and Chinese versions, and the translation and back-translation of the instructions followed previous studies (Geary, Fan, & Bow-Thomas, 1992) . For the arithmetical reasoning tests---composed of multistep word problems---the items were first translated from English to Chinese by an experienced translator. The initial Chinese versions (one for each test) were then back-translated by another individual who was not familiar with the English version of the tests. Disagreements were resolved through discussion between D.C.G. and the two translators, resulting in a second Chinese version of the tests. These versions were then administered to a Chinese adult and a 6th grader to assess the clarity of the items. On the basis of this administration, a few minor changes were incorporated into a third and final Chinese version of the arithmetical reasoning tests.
Intelligence. Raven's Progressive Matrices (Raven, Court, & Raven, 1993) served as the measure of general intelligence. Due to time constraints, the test was started at the item representing an IQ of 80, and participants were given credit for all items up to this level. Participants were then allowed 30 min to complete the remaining items and nearly all did so in the allotted time; IQ scores were based on urban Chinese norms to ensure that the performances of the US. and Chinese samples would be directly comparable (Lee & Chen, 1989) .
Arithmetical computations. Three tests, each including two forms, were used to assess computational abilities. One of these, the Addition Test, was from the Educational Testing Service (ETS) kit of factorreferenced tests (Ekstrom, French, & Harman, 1976) and the other two, simple subtraction and complex subtraction, were used on the basis of previous research (Geary et al., 1996) . Each form of the Addition Test, hereafter referred to as "complex addition," allows 2 min to solve as many complex addition problems as possible (e.g., 19+8+27). For each form of the simple subtraction (e.g., 9-5) and complex subtraction (e.g., 78-9) tests, participants were allowed 1 min to solve as many problems as possible. For all tests, the score was the number of items solved correctly across both forms. Within cohorts, test reliabilities were estimated by means of Cronbach's alpha and ranged between .88 and .97, with a median value of .93.
Arithmetical reasoning. Both arithmetical reasoning tests---Necessary Arithmetic Operations (NAO) and Arithmetic Aptitude (AA)---were from the ETS kit of factor-referenced tests. Again, both forms of each test were administered, with 5 min allowed for each form of NAO and 10 min for each form of AA. As noted, both tests require the solving of multistep arithmetic word problems, but NAO only requires participants to indicate the order in which arithmetic operations (e.g., multiplication then division) need to be used to solve the problem; no computations are needed. Items for AA require the participants to solve multistep word problems. The score is the number of items solved correctly minus a fraction of the number of items solved incorrectly across both forms. Within cohorts, reliability estimates ranged between .65 and .87, with a median value of .75.
Procedure
All testing was done in a quiet room-either at the school site or in a laboratory setting---with groups of participants. Standard procedures were followed. The 12th graders and older adults were tested in a single session that lasted about 1.5 h, and the 6th graders were tested in two 45-min sessions that were, in most cases, separated by 1 week.
RESULTS
The results are presented in two sections. The first presents mean arithmetic test scores for each cohort, and the second presents an assessment of the pattern of crossgenerational change in arithmetical abilities in China and the United States. Table 2 shows that the Chinese 6th and 12th graders outperformed their American peers on every arithmetic test (ps < .05).³ The last column of Table 2 represents the magnitude of this Chinese advantage in terms of effect size (d)---that is, the difference between the Chinese and American mean scores relative to the SD of the Chinese sample (Cohen, 1988) . Inspection of these results reveals that 8 of the 10 effect sizes are > 1.0 and five are > 1.5. The practical significance of these results is shown in Figure 1 . Here, the mean score of the American sample is represented in terms of a percentile ranking relative to the Chinese sample. As an example, for the simple subtraction test, the performance of the average American 6th-grade student was at the 2nd percentile of his/her same-grade, IQ-equated Chinese peer. Stated otherwise, 98% of the Chinese 6th graders had scores on the simple subtraction test that were higher than the mean of the American 6th graders.
Cross-National Differences in Arithmetical Abilities
Overall, the mean scores of the American 6th and 12th graders were at or below the 11th percentile on each of the three computational tests. Moreover, the Chinese 6th graders performed as well as the American 12th graders Note---The scores for the US. 6th graders were adjusted to control for a Chinese advantage in mean IQ scores, and the scores for the Chinese older adults were adjusted to control for a US. advantage in mean IQ scores and years of education. No adjustments were made to the scores of the 12th graders, because the mean IQ scores of the US. and Chinese 12th graders did not differ significantly (p > .10). The effect size is given by on the simple subtraction and complex addition tests (ps > .50) and substantially outscored the American 12th graders on the complex subtraction test (p < .001). The mean performance of the American 6th and 12th graders was somewhat better on the reasoning tests, ranging between the 6th and 36th percentiles of the respective Chinese samples.
The pattern of results was very different for the older adults. There were no significant national differences on four of the five tests (ps > .05), and the older Americans outperformed their Chinese peers on the complex addition test (p < .001), scoring at the 84th percentile of the Chinese sample.
Cross-Generational Change in Arithmetical Abilities
The pattern of across-generational change was estimated by controlling for age, IQ, and educational level on performance on the computational and reasoning measures. First, performance on each of the five arithmetic tests was standardized with a mean of 0 and an SD of 1. Composite computational and reasoning variables were created on the basis of the respective means of the three computational and two reasoning tests; the respective reliabilities of the resulting composites were .89 and .88. Next, the linear, quadratic, and cubic trends of age, IQ, years of education, and raw scores on the IQ test were partialed from the composite variables. The IQ test raw scores were partialed to control for age-related changes in performance on psychometric tests (Fry & Hale, 1996; Kail, 1991) . The resulting residualized standard scores are plotted in Figure 2 and should largely reflect cohort differences in the effects of schooling, independent of IQ, age, years spent in school, and age-related performance on psychometric tests.
Inspection of Figure 2 reveals that within the U.S. sample, the older adults had significantly higher computational and reasoning scores than did the 6th and 12th graders (ps < .05), who did not differ from each other on either composite (ps > .05). Within the Chinese sample, the older adults had significantly lower computational and reasoning scores than the 6th and 12th graders (ps < .05), who did not differ from each other on either composite (ps > .05). Across nations, the slight advantage of the older American adults over the older Chinese adults was marginally significant for computational (p = .085) but not for reasoning (p > .50) abilities, whereas the Chinese advantage for 6th and 12th graders was significant for both computational and reasoning abilities (ps < .001). 
DISCUSSION
The results of this study suggest that the current East Asian/American achievement gap in arithmetic is a relatively recent phenomenon that stems from a cross-generational decline in basic competencies in the United States combined with a cross-generational improvement in basic competencies in China. The pattern of results is most consistent with the view that the current achievement gap is largely related to differences in schooling and cultural supports for educational achievement rather than an East Asian advantage in IQ (Stevenson & Stigler, 1992) . Although we did not directly test the schooling hypothesis, the pattern of cohort differences noted in Figures I and 2 is consistent with the cohort effects described by Schaie (1996) and would appear to be consistent with a cross-generational change in arithmetical competencies in the United States. Any such change is very likely to be the result of changes in schooling or the valuation of schooling, given that performance on the arithmetic tests used in this study is strongly affected by schooling (Geary, 1995) .
Alternatively, it might be argued that our findings reflect an improvement in arithmetical competencies throughout the life span in such a way that Americans eventually catch up to East Asians. There are several reasons why this alternative explanation is not likely to be correct. First, performance on psychometric tests almost always declines with adult aging (Salthouse, 1996; Schaie, 1996) , suggesting that any catching up in adulthood is very unlikely. Furthermore, a steady improvement in arithmetical abilities in adulthood should result in the same crossgenerational pattern in China and the United States, but this was clearly not the case. Finally, Schaie's earlier described cross-generational findings for computational arithmetic are robust--that is, evident in comparisons within and across families. For computational arithmetic but not other cognitive abilities, grandparents outperform their children who in turn outperform their children (i.e., the grandparents' grandchildren).
It might also be argued that our results stem from systematic differences between the older samples. Although this explanation cannot be ruled out, there are two reasons why it is not likely. First, the U.S. cohort effects found in this study and our previous study are the same as those described by Schaie (1996) , indicating that our samples of older American adults are not unusual. Second, in our previous study, we found the same pattern of no differences--except in complex addition---in computational arithmetic for different samples of older adults from the United States and China, samples that were matched, as a group, on years of education (Geary et al., 1996) . The combination of results suggests that basic arithmetical competencies have declined in the United States and that this decline has contributed to the current achievement gap in mathematics.
